We studied 30 children undergoing circumcision randomly allocated to receive either thiopentone 4 mg.kg-I , propofol2.5 mg.kg-I or midazolam 0.5 mg.kg-I (n=JO) IV over 30 seconds at induction of anaesthesia. Blood pressure and pulse rate during the first 15 minutes of induction were recorded by a Finapres 2300e and a Cardiocap CM-J04, and changes from preinduction baseline compared between the three induction agents and the two recording instruments. Postoperatively, blood levels of the induction agents were measured and recovery from anaesthesia was assessed by clinical criteria, mood and sedation scores and psychomotor performance. The Cardiocap data revealed no statistically significant haemodynamic differences between the three induction agents. Finapres data demonstrated that propofol caused a greater decrease in mean arterial pressure when compared to thiopentone at one minute (P=0.01) and the MAP remained significantly lower than midazolam at five minutes (P= 0.02), illustrating an advantage of continuous over intermittent non-invasive blood pressure monitoring. The midazolam group took longer to identify themselves compared to both the propofol (P= 0.005) and the thiopentone groups (P=0.02), but there was no difference in the groups in time to eye-opening. Psychomotor performance on awakening was significantly worse in the midazolam group compared to the propofol (P< 0.03) and thiopentone groups (P< 0.02). Most children had recovered to 80% of their best, practised, unmedicated, preoperative performance four hours after awakening, irrespective of the induction agent administered. Drug blood levels correlated weakly with both methods of psychomotor assessment (r ~ 0.6). Of the three induction agents, thiopentone caused the least haemodynamic perturbation on induction, and anaesthesia induced with midazolam caused the greatest psychomotor impairment on awakening. Within one hour patients in all drug groups were equally awake, co-operative and co-ordinated.
Paediatric surgery is being increasingly performed on a day-stay basis because of rising hospital costs. Ambulatory care also reduces displacement anxiety in the child and decreases exposure to nosocomial infection'. Circumcision is a suitable procedure for ambulatory surgery because the procedure is of short operative duration, has a low incidence of complications and postoperative pain relief can be easily and reliably provided 2 • Circumcision patients form a suitable subgroup for assessment of induction agents because the procedure permits delivery of a standard anaes-thetic technique of relatively constant duration. Furthermore, the control of intra-and postoperative pain with caudal anaesthesia allows assessment of anaesthetic recovery without pain confounding the data 3 • A number of authors have compared the induction characteristics of propofol and thiopentone 35 but there have been no comparative studies with midazolam in children. Induction of anaesthesia in children is often associated with rapid cardiovascular change, the degree and duration of which depends upon the agent used and the physiological status of the patient. Exclusion criteria for the study were designed to provide subjects who would permit comparison of induction agent effect on blood pressure and pulse rate, independent of patient pathology. Recovery after anaesthesia is multidimensional 6 • Of particular interest in ambulatory care is the immediate recovery of protective reflexes following surgery and later, a return to "street fitness" prior to discharge from the ward. A variety of tests of psychomotor performance, cognition and memory have been used to assess recovery in adults' but patient compliance makes assessment of psychomotor recovery difficult in children.
The aims of this study were to describe any relative advantages following induction of anaesthesia with either thiopentone, propofol or midazolam in children undergoing circumcision by a) comparing the blood pressure and pulse rate changes associated with induction using concurrent measurement with two blood pressure monitors, and b) assessing recovery from anaesthesia using two methods of psychomotor performance.
METHODS
We studied 30 ASA grade I Chinese children, aged 4-12 years, undergoing circumcision for treatment of phimosis. The study was approved by the Faculty of Medicine Ethics Committee (The University of Hong Kong) and written informed consent obtained from the parents. Children were excluded from the study if there was a history of asthma or allergy; previous adverse anaesthetic experience; halothane anaesthesia within the previous month; hepatic, renal, respiratory, cardiac or haematological disease; developmental disability or age less than four years. On the day before surgery, each child's best post-box toy (PBT) completion time and a Wechsler intelligence scale (WISC-R) coding performance assessment matched for race were determined using previously described methods 8 • Long-term memory recall was assessed by a simplified Williams testo, whereby the children were shown a simple picture of a school scene for 30 seconds and asked to name and remember five depicted objects. The following morning before premedicant administration, the child was asked to recall the objects from the picture shown to him the previous evening and scored according to his degree of success.
On the day of surgery, EMLA emulsion cream 2 g (lignocaine 25 mg.g-I and prilocaine 25 mg.g-I ) was applied to the cubital fossa of the non-dominant arm two hours before premedication with midazolam 0.5 mg.kg-I (maximum dose 15 mg) and atropine 0.02 mg.kg -I by mouth. On administration of the premedicant, a 23-gauge cannula was inserted into a vein underlying the EMLA-pretreated area. Prior to transfer to the operating suite the child was again shown another simple picture of a family scene for 30 seconds and asked to name and remember at least five depicted objects. On arrival in the operating suite, the child was assessed as agitated or crying, aware and apparently anxiety-free, drowsy, or asleep but responsive to command 10. Routine monitoring devices included an electrocardiograph, intermittent non-invasive arterial pressure recorder and pulse oximeter (Datex, Cardiocap CM-104). A small size Finapres cuff was applied to the middle phalanx of the middle finger of the hand strictly according to the manufacturer's instructions, and the output from the Finapres 2300e (Ohmeda, Colorado) was interfaced with an AST Premium Exec 386SX125 computer. Before induction, pulse rate, blood pressure and time data were simultaneously stored to disc in ASCII format every 10 seconds for three minutes and then during and after induction for a further 15 minutes, using data acquisition software written for this system 1 1. The children were randomly allocated to receive either propofol 2.5 mg.kg -I, midazolam 0.5 mg.kg -I or thiopentone 4.0 mg.kg-I intravenously over 30 seconds. Thereafter, anaesthesia was maintained with the patient breathing 67fIJo nitrous oxide and 1 fIJo halothane in oxygen via a Mapleson F ( < 25 kg) or a Mapleson A (> 25 kg) breathing system. A caudal injection of 0.25fIJo bupivacaine 0.5 ml.kg-I was administered to all children six minutes after administration of the intravenous induction agent. Effectiveness of caudal anaesthesia was tested in the recovery room during emergence. Any child demonstrating a response to pain during gentle compression of the neck of the penis was discarded from the study.
The duration of anaesthesia and cardio-respiratory data during surgery were recorded. The time to spontaneous eye-opening and self-identification were recorded by an anaesthetist blinded to the agent used for induction of anaesthesia. The child's mood on awakening l2 and modified Steward coma score 13 were recorded and 1 ml blood samples were collected into tubes containing lithium-heparin (Sarstedt LH/5). Immediately when the child became co-operative he was encouraged to complete the post-box toy in the quickest possible time and the WISC-R coding performance was scored. The child was offered the toy and coding test, and scored for mood and sedation at 60, 120, 180 and 240 minutes after awakening and a 1 ml blood sample was taken immediately after completion of each psychomotor assessment. Four hours after awakening the child was asked to recall five objects from the picture shown to him immediately preoperatively and scored according to his degree of success.
Whole blood samples were stored at + 4 QC before assay for propofol and plasma samples were obtained from blood after centrifugation for 15 minutes at 3000 rpm and stored at -20 QC before assay for midazolam and thiopentone. Propofol concentrations in whole blood were determined by a modified high performance liquid chromatographic (HPLC) method I4 -15 • The calibration graphs were linear over the range 10-1000 ng.ml I with coefficients of variation ranging from 0.1 to 12.6fIJo. The between-batch coefficient of variance was l.7fIJo at 10 ng.ml-I and 4.1fIJo at 500 ng.ml l . The limit of detection was approximately lO ng.ml-1 • Midazolam concentration in plasma samples were determined employing an HPLC technique with UV detection at 220 nm using a programmable multi wavelength detector (Waters 490E)16. The calibration graphs were linear over the range 40 to 2200 ng.ml-1 with coefficients of variation ranging from 1.5 to 11.8070. The between-batch coefficient of variance at 40 ng.ml-1 was 4.8% and 1.5% at 500 ng.ml-1 • The limit for detection for midazolam was lO ng.ml-1 • Thiopentone concentration in plasma samples was determined using an HPLC technique with a programmable multi wavelength UV detector (Waters 490E)17. The calibration graphs were linear over the range 0.05 to lO Ilg.ml-1 with coefficients of variation ranging from 0.2 to lO.6%. The between-batch coefficients of variance for the thiopentone assay were 9.0% and 6.9% at 0.05 Ilg.ml-1 and 5 Ilg.ml-1 , respectively. The limit for detection for thiopentone was 0.05 Ilg.ml-1 • The HPLC assays were found to be specific and selective. During development of the assay procedure it was established that midazolam, propofol and thiopentone did not interfere with each other under the conditions stated*.
Statistical significance (P < 0.05) was determined for the three induction agent groups for demographic and awakening data by analysis of variance using the Newman-Keuls test for post-hoc comparisons. Pearson product movement correlation was used to determine any relationship between postoperative awakening and duration of anaesthesia, PBT and WISC-R ratios, and, drug concentration and psychomotor tests. A significant difference between the coma scores at each postoperative assessment for the three induction agents was determined using the Kruskal-Wallis statistic and chisquare analysis (with Yates' correction) was used to analyse the mood data. Memory recall before and after induction in the same individuals was analysed using Wilcoxon signed-rank test. Haemodynamic data were treated as ordinal scale data and a significant difference between the three induction agent groups was deter-mined using the Kruskal-Wallis statistic with differences before and after induction in the same individuals determined using the Wilcoxon signed-rank test. Data computation was performed using the computer interactive statistical program CSS:Statistica TM 18.
RESULTS
There was no significant difference between the midazolam, propofol and thiopentone groups when comparing patient characteristics, anaesthetic duration and psychomotor assessment by WISC-R or post-box toy (PBT) on the evening before surgery or after midazolam premedication (Table 1) . One child presented to the operating suite asleep and the remainder were awake and apparently anxiety-free. Testing the association between anaesthetic duration and the time to self-identification in all patients revealed a correlation coefficient of 0.17. The propofol group were able to identify themselves 13 minutes faster than the midazolam group. The midazolam group of children took a significantly longer time to identify themselves compared to both the propofol (p=0.005) and thiopentone groups (P=0.02), however there was no significant difference between the groups in the time to eye-opening (P=0.05) ( Table 2 ). Both PBT and WISC-R ratios were significantly worse in the midazolam group compared to propofol (P=0.03 and 0.01) and thiopentone groups (P=O.Ol and 0.02) on awakening, however after one hour there was no statistical difference between the groups with either method of assessment (Table 2 ). Most children had recovered to 80% of their best recorded performance four hours after awakening, irrespective of the induction agent administered ( Figure 1 ).
The Pearson product moment correlation testing the association between PBT and WISC-R ratios for all psychometric data was 0.7 ( Figure 2 ). The correlation coefficients between PBT and serum midazolam, thiopentone and blood propofol concentrations were Pearson product moment correlation *r value = correlation coefficient for the relationship between postoperative self-identification time and the duration of anaesthesia for each induction agent. 0.67, 0.38 and 0.37 respectively. WISC-R testing and serum drug concentrations showed correlation coefficients for midazolam, propofol and thiopentone of 0.78, 0.63 and 0.52 respectively. Mood score, incidence of sleep and coma score analysis showed no significant differences between the three drug groups, however memory recall after anaesthesia was significantly better than after natural, unmedicated sleep, although the performance error rates in all groups were small (Table 3) .
Haemodynamic changes on induction were compared between the three induction agents using conventional intermittent non-invasive blood pressure measurement every minute (Cardiocap) and Finapres blood pressure measurement every ten seconds. Due to various technical recording and data manipulation errors, complete data were only available for 25 patients. The five patients for which data were not available were excluded from analysis. Maximum change in blood pressure and heart rate from the preinduction baseline were analysed during the first minute and the subsequent five minutes after induction ( Table 4 and 5). The maximum decline in mean arterial pressure recorded with the Finapres showed a significant difference between the three induction agent groups at both one minute and five minutes ( Table 4 ). Propofol caused the greatest and most protracted fall in blood pressure which was maximal five minutes after an induction dose of 2.5 mg.kg-I administered over 30 seconds into an antecubital vein ( Figure 3 ). Thiopentone caused the least haemodynamic perturbation with the majority of changes being an increase in blood pressure, maximal one minute after administration (Figure 3 ). Midazolam administration was associated with a 15070 decrease in mean arterial pressure (MAP) during the first minute after induction but the maximal decline in all pressures occurred at approximately two minutes when MAP was 20% below baseline values. Systolic, mean and diastolic blood pressures all declined by approximately 25% of baseline values following propofol administration, while pressures rose 0 to 5% following thiopentone induction. Propofol and thiopentone administration were associated with an average rise in heart rate of approximately lOO7o above baseline values, while the increase in pulse rate in midazolam group was 5% (Figure 4 ). The Cardiocap data failed to demonstrate any significant difference between the groups during either time period. When all Finapres and Cardiocap data were compared there was a significantly greater fall in mean arterial pressure recorded by the Finapres (P=0.02) ( Table 6 ). There was poor correlation between Finapres and Cardiocap recorded blood pressures during each time period because it was impossible to match exact times of measurement between the two instruments and the limited number of Cardiocap measurements possible within the time period (correlation coefficients 0.07, 0.14, 0.16 and 0.17 for heart rate, systolic, diastolic and mean blood pressure), however there was less bias as more Cardiocap data became available for analysis during the fiveminute period (correlation coefficients being 0.24,0.37, 0.37 and 0.46). 
DISCUSSION
The time taken for the child to identify himself was independent of the duration of anaesthesia and predominantly influenced by the induction agent administered, although identification after thiopentone administration was more closely associated with anaesthetic duration than midazolam or propofol. Children awoke more quickly after propofol compared with thiopentone and midazolam, however this only reached sta-tistical significance when self-identification time was compared between the three groups and not the time of eye-opening (P=O.05). This illustrates the greater sensitivity of cognitive awareness compared with the more simple physical tests of awakening, which presumably require greater patient numbers to demonstrate significance and prevent a type 11 statistical error.
Psychomotor performance on awakening was worst in the midazolam group but one hour later there was no statistical difference between the groups, and by four hours all groups were virtually identical in performance with both tests. Psychomotor improvement paralleled drug redistribution and metabolism, but some children were able to perform at unmedicated levels after one hour, despite significant blood levels of induction agent. The narrower range of awakening drug concentrations in patients induced with midazolam may be associated with greater predictability of recovery, whereas, like other studies, this study demonstrated that the awakening blood concentrations of thiopentone and propofol varied widely'9. The more gradual decline of midazolam levels produces more somnolent patients in the early postoperative phase, which under some circumstances may be advantageous. All patients could be discharged three hours after awakening, having achieved 90070 of their unmedicated psychomotor performance, confirming the work of Runcie and colleagues'. The association between serum midazolam levels and PBTR and WISC-R ratio was stronger than both propofol and thiopentone in the postoperative period, inferring a closer relationship between blood levels and cerebral effect and therefore a more predictable pattern of postoperative awakening in children induced with midazolam. Coma score and mood assessment lacked both specificity and sensitivity in recovery assessment and were not helpful in differentiating between the induction agents. This was disappointing as previous work'O had shown that children receiving midazolam and flumazenil appeared calmer and more compliant in accord with the anxiolytic properties of the drug and serum levels".
Anaesthesia and IntenSIve Care, Vol. 22 .. Vo. 5, October, 1994 Unexpectedly, memory recall of the picture card viewed two hours after oral administration of midazolam and anaesthesia was better than memory recall after unmedicated, natural sleep. This finding is probably not clinically meaningful as the sample groups were small, the error rate in one child could have a disproportionate influence on the group as a whole and the younger children were much more prone to recall errors. Furthermore, the serum midazolam levels were not in the amnesic range two hours after oral administration and the children may have experienced heightened awareness in the unfamiliar operating theatre environment 22 • Continuous monitoring of arterial pressure is often desirable 23 • 24 and is widely practised during anaesthesia, but arterial cannulation has associated mor-bidity25,3 and a noninvasive alternative is appropriate in ASA status I children undergoing minor surgical procedures. Although the Finapres demonstrates a wide variability in discrete values, it accurately reflects changes in pressure and was therefore able to display the haemodynamics in these children during the first minute following induction 26 • The relatively slow sampling rate of the Cardiocap could not display these blood pressure changes during the early induction phase, and even though both instruments achieved more favourable correlation as more data points were acquired with time, this does not imply an improved ability to detect transient changes in blood pressure from a mean resting value. Blood pressure monitoring during a previously reported study of midazolam pharmacokinetics was also performed with the Cardiocap16. Recordings could only be made at 60-second intervals, and results showed an average increase of approximately 10070 above baseline heart rate and blood pressure values. However, direct comparison between the two studies is inappropriate, as patients in the previous investigation were intubated.
A combined comparison of the induction agents midazolam, thiopentone and propofol effects on blood pressure and pulse rate has not previously been reported in children and there are few individual comparative data in the literature. The wide variation of ASA class, clinical condition, anaesthetic technique and interpatient response makes comparative interpretation of these results difficult. Early reports demonstrated no haemodynamic difference between midazolam and thiopentone, but data were collected at five-minute intervals 27 • A comparative study of the haemodynamic sequelae associated with midazolam and propofol induction have not been reported but there are a number of controlled studies comparing thiopentone and propofol in children 4 ,5,28. These studies showed the reduction of blood pressure to be less in the Anaesthesia and Intensive Care, Vol. 22, No. 5, October, 1994 thiopentone groups compared to propofol but of less magnitude than the present study due to relatively infrequent data sampling. However, uncontrolled administration of propofol 1-3 mg.kg-I over 10 to 30 seconds resulted in a decrease by more than 20% of baseline values in 48% of children who received halothane 2 •• Studies in adults with ischaemic heart disease have demonstrated the relatively mild hypotensive effects of midazolam 3o · 32 • Wilmot and colleagues found a 15% decrease in systolic blood pressure following propofol compared with a 0.7% decrease following a thiopentone induction in adults 33 • Further factors confounding literature comparison are dose administered and rate of injection. Induction agents in this study were administered over 30 seconds. Unlike an increased dose of drug 32 , fast rates of injection of propofol and midazolam do not appear to magnify the degree of hypotension associated with induction in ASA class I patients 34 -36 • Significant cardiovascular depression in terms of a decrease in arterial pressure is well documented in the elderly37.39 and more recently in children 5 ,29 following propofol administration. A direct cardiac depressant effect, peripheral vasodilatation and a reduction in ventricular preload have been proposed as likely causes of this hypotension 40 • Decreasing diastolic pulmonary arterial pressure has been proposed as evidence of venous pooling after midazolam administration in adults, but a direct cardiac depressant effect has not been demonstrated in man in clinical doses 41 • 42 • Caudal anaesthesia in this series of children caused minimal haemodynamic disturbance and effectively abolished the usual increase in blood pressure associated with the commencement of surgery5.
This study demonstrates the clinically acceptable haemodynamic changes associated with midazolam induction in healthy children, but extrapolation of these data to other patient sub-groups is inappropriate. Care should be exercised if hypovolaemia is suspected because an exaggerated hypotensive response would be expected due to the venous pooling effect. Propofol administration in the presence of hypovolaemia or an otherwise compromised myocardium may result in severe, prolonged hypotension 43 • On the other hand, a thiopentone induction undertaken in the manner described in this study should not be chosen, if an increased rate-pressure product is to be avoided. This study also showed that rapid recovery of cognitive function in the recovery room is best achieved with propofol but four hours after awakening all children were equally suitable for discharge irrespective of the induction agent administered. When administered according to the described protocol, thiopentone caused the least average haemodynamic change on induction and propofol administration was associated with the greatest fall in blood pressure for the longest duration in patients who were ASA I and undergoing minor surgical procedure. The cardiovascular depressant effect of midazolam was intermediate between thiopentone and propofol.
